Aims To investigate the role of medication in 20-year trends in blood pressure (BP) and blood lipids in older British men. Methods and results BP and lipids were measured in 4231 men from a representative cohort at baseline (1978-1980, aged 40-59 years) and after 20 years (1998)(1999)(2000). Cohort-wide age-adjusted 20-year mean changes were as follows: systolic BP -7.6 mmHg (95% confidence interval: -9.7 to -5.4); diastolic BP + 3.3 mmHg ( + 2.2 to + 4.5); nonhigh-density lipoprotein (HDL)-cholesterol -0.4 mmol/l ( -0.5 to -0.2); HDL-cholesterol + 0.16 mmol/l ( + 0.13 to + 0.19). Much (79%) of the systolic BP fall occurred only among 1561 men (37%) reporting the use of BP-lowering medication during the follow-up; systolic BP changed by -12.3 mmHg ( -14.7 to -9.9) and -1.6 mmHg ( -3.7 to + 0.5) among medication users and men not using medication, respectively (P < 0.001 for medication-time interaction). One-third of the non-HDL-cholesterol fall occurred only among 302 men (8%) reporting the use of lipid-regulating drugs; non-HDL-cholesterol changed by -1.8 mmol/l ( -2.0 to -1.6) and -0.2 mmol/l ( -0.4 to -0.1) among medication users and men not using medication, respectively (P < 0.001 for interaction). The HDL-cholesterol increase was not associated with lipid-regulating drug use (P = 0.15 for interaction). Conclusion Decreases in BP were largely confined to medication users and overall changes in non-HDL-cholesterol were modest, suggesting the need for greater efforts to reduce BP and cholesterol among the general population. HDLcholesterol increased among all men, likely reflecting cohort-wide improvements in associated health behaviours. Eur J Cardiovasc Prev Rehabil 17:502-508
Introduction
Mortality from coronary heart disease (CHD) has been declining since the late 1970s in the United Kingdom [1] , and the incidence of myocardial infarction has fallen by about half over the same period [2] . Changes in the major cardiovascular risk factors can account for a considerable proportion of the decline in incidence and mortality [2] [3] [4] [5] . Although the most important single factor has been a fall in cigarette smoking, favourable trends in blood pressure (BP), high-density lipoprotein (HDL)-cholesterol and low-density lipoprotein (LDL)-cholesterol have also made contributions [2, 4, 5] . The reasons for the favourable changes in BP and blood lipids, however, have not been examined. The trends may reflect favourable changes in the underlying determinants of BP or blood lipids in the population; for BP adiposity, alcohol intake, physical activity and dietary factors (particularly salt intake) are known modifiable determinants [6] whereas for total and LDL-cholesterol dietary saturated fat intake, adiposity and physical activity are important [7] . Alternatively, the trends in these risk factors may reflect the increasingly widespread use of specific medications to lower BP (including particularly angiotensin-converting enzyme inhibitors, b-blockers, calcium channel blockers, diuretics) and to lower total and LDL-cholesterol (particularly statins) [8] .
Understanding the contributions of medication-related and nonmedication-related factors to the changes in BP and blood lipids, which have occurred during the recent decades could help to inform efforts to bring about further reductions in the risk of cardiovascular disease, which continues to be the leading cause of death in the UK [1] . The aim of this study is therefore to assess the role of medication in changes in systolic BP (SBP), diastolic BP (DBP), non-HDL-cholesterol and HDLcholesterol, which have occurred in older British men between 1978 and 2000. Trends in BP and blood lipids are examined separately in groups of men who received and did not receive BP-lowering or lipid-regulating medications. The British Regional Heart Study, a socially and geographically representative cohort of middle aged-men in Britain, was used for this analysis.
Methods British Regional Heart Study
The British Regional Heart Study has been described in detail elsewhere [9] . A total of 7735 men were recruited between 1978 and 1980 from one general practice in each of 24 medium-sized towns across Britain, by random sampling, stratified by practice and 5-year age group. The men were aged 40-59 years when recruited and have been followed up for more than 25 years for cardiovascular outcomes and all-cause mortality.
Assessment of main outcomes
The main outcomes were SBP, DBP, HDL-cholesterol and non-HDL-cholesterol, measured at physical examinations at baseline (1978) (1979) (1980) and after 20 years (1998-2000) . BP was measured at baseline using the London School of Hygiene and Tropical Medicine sphygmomanometer and at the 20-year examination using the Dinamap 1846SX vital signs monitor (Critikon Inc., Tampa, Florida, USA). On both occasions, the mean of two successive readings, adjusted for observer variation, was used. The 20-year SBP measurements were adjusted for systematic overestimation of the Dinamap for SBP but not for DBP, identified in earlier studies [10] . At baseline, nonfasting blood samples were analysed for serum total cholesterol by a modified Liebermann-Burchard method on a Technicon SMA 12/60 analyser (Technicon Instruments, Tarrytown, New York, USA). At 20 years, fasting blood samples were analysed for serum total cholesterol using a Hitachi 747 automated analyzer (Hitachi, Tokyo, Japan). The Liebermann-Burchard method or enzymic procedures after precipitation with magnesium phosphotungstate were used to measure HDL-cholesterol. Crosscalibration of the two assays was done by remeasuring some baseline samples with the assay techniques used at 20 years. In 47 individuals, the mean within-person differences (remeasured minus baseline) in total cholesterol and in HDL-cholesterol were 0.067 mmol/l (SE 0.105) (P = 0.5) and 0.072 mmol/l (SE 0.128) (P = 0.4), respectively. In view of the lack of significant evidence for systematic differences between the measurement methods, these between-assay differences were not taken into account in the main analysis. However, because the comparability of baseline and 20 year measurements is particularly important in this study, additional sensitivity analyses were conducted using baseline measurements adjusted for the small differences observed. Non-HDLcholesterol was computed as the difference between total cholesterol and HDL-cholesterol, and would thus mainly represent LDL-cholesterol.
Assessment of medication use
The men completed an interview-administered questionnaire at baseline (1978) (1979) (1980) , a self-administered questionnaire at 20 year's follow-up (1998) (1999) (2000) , and self-administered questionnaires at three intermediate time points at 5 year's follow-up (1983) (1984) (1985) , in 1992 and in 1996. From questions in each questionnaire about medication use, current use of drugs to lower BP or to regulate lipid levels at each time point was determined. The information at each time point was then combined to produce an indicator for BP-lowering drug use at any time between baseline and 20 years, and a similar indicator for lipid-regulating drug use at any time between baseline and 20 years.
Measurement of risk factors for hypertension and dyslipidemia
Potential risk factors for high SBP and DBP considered in this analysis were body mass index (BMI), physical inactivity and alcohol intake. The risk factors considered for high non-HDL-cholesterol were BMI and physical inactivity. For low HDL-cholesterol, BMI, physical inactivity, alcohol use and smoking status were considered. Differences between medication users and nonmedication users in the overall levels of these lifestyle factors, as well as in temporal changes in these factors could potentially confound estimates of the modifying effect of medication use on trends in BP and cholesterol. Therefore, recorded levels of each factor at both baseline and the 20-year follow-up were used in analyses. BMI was calculated from height and weight measurements taken at the two physical examinations. Identical questions in questionnaires at the two time points were used to ascertain smoking status, alcohol intake and physical activity. From the information given, men were categorized at each time point as 'current', 'ex' or 'never' smokers. The men's alcohol consumption was categorized as 'never,' 'occasionally,' 'light,' 'moderate' and 'heavy' [11] . Answers to questions relating to recreational activities, regular Explaining trends in coronary risk factors Hardoon et al. 503 walking and cycling and sporting activity were combined to give each man a physical activity score, which has been validated [12] . Men were grouped into six categories based on their score as 'inactive,' 'occasional,' 'light,' 'moderate,' 'moderately vigorous' and 'vigorous.'
Individuals included in the study
All men who were alive at the 20-year follow-up and attended the 20-year physical examination were included in the analyses.
Statistical methods
Population-averaged age-adjusted changes in each of the four outcomes were estimated from linear regression of the outcome on a time variable (taking the value 0 at baseline, and value 20 at 20 years), adjusting for age. Generalized estimating equations with robust standard errors were used in the regressions to take account of the repeated measures of each outcome (one at baseline and a second at 20 years) for each man. An interaction term of time with an indicator for medication use at any time between baseline and 20 years was added to the model to estimate the trend in the outcome according to whether a man had received medication or not. P values were obtained by means of Wald tests from the associated regression models. Predicted BP and cholesterol levels for a 60-year-old man at baseline and 20 years were estimated from the regression models. Multivariable models, adjusting additionally for the current levels at both time points of the risk factors for each outcome (BMI as a continuous variable and physical activity, smoking status and alcohol intake categorized as described above), were used to take account of possible differences in these factors between the medicated and unmedicated men. Analyses were performed using STATA (StataCorp LP, College Station, Texas, USA).
Results
Of 7735 men who entered the study, 4252 surviving men were reexamined at 20 years. Of these men, 21 (0.5%) were missing a valid BP measurement at baseline and/or 20 years, leaving 4231 men for inclusion in analyses of trends in SBP and DBP. Three hundred and eighty-six men (9%) were missing a valid lipid measurement at baseline and/or 20 years and a further four men (0.09%) were missing records of lipid-regulating medication use, leaving 3862 men for inclusion in analyses of trends in non-HDL and HDL-cholesterol. A total of 1561 (37%) out of 4231 men reported the use of BPlowering drugs at some point over the 20 years; the proportion increased from 3.0% at baseline (1978) (1979) (1980) to 33% at 20 years follow-up (1998) (1999) (2000) . Three hundred and two (7.8%) out of 3862 men reported the use of lipid-regulating drugs at some point over the 20 years; none reported use at baseline, compared with 7.4% at 20 years.
Adjusting for age, mean SBP changed by -7.56 mmHg [95% confidence interval (CI): -9.69 to -5.43, P < 0.001] whereas mean DBP changed by + 3.31 mmHg (95% CI: + 2.18 to + 4.45, P < 0.001) over 20 years (Table 1 ). The trends in SBP and DBP varied according to BP-lowering drug use. Mean changes in SBP were -12.30 mmHg (95% CI: -14.69 to -9.92) among medication users and -1.61 mmHg (95% CI: -3.71 to + 0.49) among men not on medication (P < 0.001 for medicationtime interaction). Mean changes in DBP were -1.22 mmHg (95% CI: -2.51 to + 0.07) among medication users and + 7.68 mmHg (95% CI: + 6.57 to + 8.79) among men not on medication (P < 0.001 for medication-time interaction).
Adjusting for age, mean non-HDL-cholesterol changed by -0.35 mmol/l (95% CI: -0.46 to -0.24, P < 0.001). The change among medication users was -1.78 mmol/l (95% CI: -1.96 to -1.60), compared with a change of -0.24 mmol/l (95% CI: -0.35 to -0.13) among men not on medication (P < 0.001 for medication-time interaction). Mean HDL-cholesterol changed by + 0.16 mmol/l (95% CI: + 0.13 to + 0.19, P < 0.001). There was no evidence that the trend in HDL-cholesterol varied according to lipid-regulating drug use. HDL-cholesterol changed by + 0.18 (95% CI: + 0.14 to + 0.23) among medication users and by + 0.16 (95% CI: + 0.13 to + 0.19) among men not on medication (P = 0.15 for medication-time interaction).
The results suggest that had none of the men using BP-lowering medication been present, we would have expected an overall average decline in SBP among all men of 1.61 mmHg (the change among men not on medication). Given that the actual average decline observed was 7.56 mmHg, this suggests that (7.56-1.61)/7.56 = 79% of the overall cohort-wide decline in SBP may be attributed to the greater changes occurring among that select (highrisk) group of medication users, over and above the changes occurring among men not on medication. Similarly, 31% of the decline in non-HDL-cholesterol and none of the increase in HDL-cholesterol may be attributed to greater changes occurring only among lipidregulating drug users, over and above the background changes occurring in men not on medication.
With additional adjustment for measured risk factors (BMI, alcohol use and physical activity for SBP and DBP; BMI and physical activity for non-HDL-cholesterol; BMI, physical activity, smoking and alcohol use for HDL-cholesterol), the favourable trends in SBP, non-HDL-cholesterol and HDL-cholesterol became slightly stronger and the unfavourable trend in DBP became weaker, but the interactions between medication use and time were essentially unchanged (Supplementary Table 1 
variation in the absolute levels and temporal changes in these behavioural risk factors according to BP-lowering medication use (Supplementary Table 2 ) and lipidregulating medication use (Supplementary Table 3 ). In sensitivity analyses adjusted for the (nonsignificant) systematic differences in lipid measurements between the baseline and 20-year assay techniques described in the Methods section, the trends in non-HDL-cholesterol were unchanged and, although the increase in HDL became slightly weaker, it remained significant and there remained no difference according to medication use (Supplementary Table 4 ).
Discussion

Summary of main findings
Over a 20-year period between 1978-1980 and 1998-2000, a significant favourable increase of 14% in average HDL-cholesterol, and significant but more modest favourable falls of 5 and 7% in SBP and non-HDL-cholesterol, respectively, were observed in this representative survivor cohort of British men. Most (79%) of the fall in SBP and a smaller proportion (31%) of the fall in non-HDL-cholesterol could be attributed to larger decreases in medication users over and above the decreases among men not on medication. The favourable increase in HDL-cholesterol, however, was independent of medication use. DBP did not change favourably over the 20 years.
Strengths and limitations
This study provided reliable data on long-term changes in BP and cholesterol in a socially and geographically representative sample of older British men. Crosscalibration of BP and lipid measurement techniques used at 20 years with those at baseline ensured comparability between the two time points. The use of self-report to identify medication needs consideration. Repeating questionnaires between baseline and the 20-year followup helped to ensure that all users of relevant medications over this period were identified, as did asking in the questionnaires not only about specific medications but to list all prescriptions. Data on population-wide prevalence of medication use is limited, particularly in earlier years. Findings from routine prescription records showed that in 1998, among men aged 65-74 years, the prevalence of prescribing of lipid-regulating medication was 7.8% [13] , a figure that agrees closely with our data (7.7% in 1998-2000), which helps to validate our self-reported medication measure. Corresponding figures for blood pressure medication from this report could not be compared as patients may be prescribed more than one type of blood pressure medication, leading to larger prescription numbers. However, self-report of antihypertensive medication has been shown to agree reasonably closely with prescription data [14] . Moreover, self-report is arguably a better reflection of medication compliance than prescription records.
The analyses were necessarily based on those surviving men who attended the 20-year follow-up reexamination. This could introduce survival and response biases. The most likely impact would be overestimation of the favourable trends observed, as survivors tend to be 'healthier'. However, importantly, it is unlikely to explain the differential trends according to medication use and thus the role of medication, which is the key finding in this study. To examine the potential survivor effect in this cohort, baseline levels of blood pressure and cholesterol among those who survived to attend the 20-year examination were compared with levels among nonattendees [15] . The mean differences between the baseline levels were small to negligible (mean differences of 0 mmol/l, 2.4 and 1.2 mmHg for total cholesterol, SBP and DBP respectively), especially when compared with the overall changes over time, suggesting that the selection was unlikely to have had a dramatic influence on the observed trends. As might be expected, baseline levels of SBP, DBP, and non-HDL-cholesterol were much higher in those men who reported subsequent medication use (Table 1) , thus there was arguably greater potential for a decline in these groups. Nevertheless, in separate analyses, including baseline levels of the outcome as a covariate to adjust for regression to the mean [16] , the changes in SBP, DBP and non-HDL-cholesterol in the medication users remained significantly greater than the changes in men not using medication while there remained no significant difference in the HDL-cholesterol trends. Only 8% of men were on lipid-regulating medications, raising issues of low statistical power (wide confidence intervals). The cohort comprises older British men, for whom prevalence of medication use is higher than for younger men and women and therefore generalizability of these results to other populations is uncertain. In particular, if prevalence of medication use is lower in another population, the percentage of the BP and cholesterol trends attributable to added changes among medication users will be lower.
Comparison with other studies
The overall decline in SBP is consistent with crosssectional routine data for England reported in the Health Survey for England 1998 [17] and with SBP trends observed in Glasgow, Scotland (WHO MONICA [18, 19] ). However, modest declines in DBP were also reported in these two studies, in contrast to our observed increase. Data on long-term trends in cholesterol in the UK is limited, particularly for HDL-cholesterol, although a separate Health Survey for England report on cardiovascular disease and risk factors [20] highlighted a significant decline in the prevalence of total cholesterol levels exceeding 5 mmol/l between 1994 and 2006.
There is limited data on BP and cholesterol temporal trends according to medication use and few studies have formally investigated the impact of medication use on secular trends in BP and cholesterol. A report from the Minnesota Heart Survey compared the trend in total cholesterol from 1980 to 2002 among the entire population with the trend among that subgroup not using lipid-regulating medication [21] . The trends were fairly similar until the last few study years, when the general population showed a steeper decline in total cholesterol compared with the subgroup not using medication, suggesting that lipid-regulating drug use may be partially responsible for the overall population-wide trend in total cholesterol at least in later years. A separate recent study in the US population found that one-quarter of an observed 0.34 mmol/l mean fall in total cholesterol between 1980 and 2000 could be attributed to statin use, in line with our findings of one-third of the (smaller) decline in non-HDL-cholesterol the UK over the same period associated with users of medication [22] . The WHO MONICA project investigated the role of medication on time trends in BP by comparing the shape of the distribution of BP in the mid-1980s with that in the mid1990s in different worldwide populations [19] . The hypothesis was that the effect of BP-lowering medication would be realized in a selective depression of the top end of the population bell curve over time (reflecting the impact of BP-lowering medication as a high risk as opposed to mass population intervention). The study found no significant evidence for such a medication effect but may have been limited by this indirect ecological approach.
Interpretation of findings
The marked increase in levels of the protective factor, HDL-cholesterol, which rose by about 14% between 1980 and 2000, was independent of medication use. The change is likely to reflect secular changes in the determinants of HDL-cholesterol, in particular the decline in cigarette smoking prevalence among the study population [2] , as cigarette smoking is associated with markedly reduced HDL-cholesterol levels [23] and smoking cessation has been shown to raise HDL-cholesterol levels [24] . Of the more modest overall 7% decline in non-HDL-cholesterol, approximately one-third of the decline could be accounted for by the decline occurring in users of lipid-regulating medications. The remaining population-wide decline in non-HDL-cholesterol probably reflects the contemporaneous fall in the dietary consumption of saturated fat; household purchase data suggest that daily saturated fat intake fell in the UK from 47 to 29 g between 1980 and 2000 [25] .
The overall 5% decline in population SBP in this survivor cohort was largely accounted for by changes among users of BP-lowering medication, reflecting the high prevalence of BP-lowering medication use in this cohort of older British men. No material decline in SBP occurred among men not receiving BP-lowering medication, whereas DBP increased, which was unexpected and merits further study.
The much stronger favourable declines in non-HDLcholesterol and SBP among medication users, compared with men not using medication, could be attributed entirely to the medication itself or could also partly reflect more favourable lifestyle changes or a differing risk profile among medication users compared with men not using medication. The persistence of differential trends according to medication use even after adjustment for concurrent changes in major potential confounders (smoking status, alcohol use, BMI and physical inactivity), and in sensitivity analyses excluding men with cardiovascular morbidity, suggests that it is most likely the treatment itself that is bringing about the changes in medication users. However, a limitation is that diet was not measured in this analysis. Medication users may also have made more favourable changes to their diet than those not using medication, which may explain some part of the differential trends. That said, although it is recognized that lipid-regulating medications act principally on non-HDL-cholesterol rather than HDL, we might expect diet to have more similar influences on both lipid types. Thus, if diet did differ substantially between the two medication groups, we might have expected differences in the trends in HDL between the two groups as well, which we did not see. This merits further research.
It has been known for many years that high BP and high blood cholesterol (particularly LDL-cholesterol) are causally related to the risk of CHD. During the 1980s and 1990s, evidence on the reversibility of CHD risk associated with these factors was strengthened by the growing evidence from clinical trials [26] and guidelines for CHD prevention recommended the need to reduce BP and cholesterol levels to cut overall CHD risk [27] . In addition, the case for population-wide strategies to reduce these factors has been emphasized [28] . The results of this study indicate that only very modest progress was made in the achievement of population-wide risk factor reductions during this period, particularly when compared with the markedly greater risk factor reductions made in other populations [29] . The very modest improvements in BP and non-HDL-cholesterol may also have been influenced by the unfavourable secular increase in the prevalence of obesity, an important determinant of both BP and non-HDL-cholesterol levels.
The limited progress to date in reducing population levels of key risk factors for CHD has led to pessimism about the potential of population strategies [30] , and to increasing enthusiasm for the widespread use of medications to lower risk factor levels among people without established CHD [31] . However, the high-risk approach based on medicating individuals has recently been heavily criticized on theoretical and experimental grounds [32, 33] . The results of this study confirm that the use of medication to lower BP was widespread before 2000, though the precise impact of such medication use on CHD risk in the population will have depended critically on the levels of absolute risk among men receiving medications. Since 2000, further population-wide declines in blood cholesterol and BP have occurred [20] . At least part of these changes are likely to reflect further increases in the prevalence of lipid-lowering and BP-lowering drugs since 2000 [34] ; the contribution of population-wide changes in the determinants of non-HDL-cholesterol and BP remains unclear, and merits urgent appraisal.
Appreciable further opportunities for the reduction in risk factor levels remain. CHD mortality risk continues to decline to 115/75 mmHg for BP and 3.5 mmol/l for non-HDL-cholesterol [35, 36] . Despite the favourable declines in SBP, levels were still higher on average at the 20-year followup than the 140 mmHg recommended in guidelines.
Predicted DBP for a 60-year-old at the 20-year follow-up was lower than the 90 mmHg limit for hypertension. However, given the association of DBP with type II diabetes (stronger than for SBP) [6, 37] , and given the alarming increase in type II diabetes in recent years [38] , efforts to control the rising population DBP are also important. A recent analysis of 2006 data from the Health Survey for England suggested that, even now, BP is controlled in only about 28% of hypertensive individuals [39] . This echoes similar findings from the US population [40] . Both medication-based strategies and nonmedical populationwide strategies still have considerable potential to reduce CHD and stroke risk in the UK. Nonmedical strategies include, in particular, reduction of saturated fat and salt intakes, given that in 2007, average salt intake was estimated to be above 8.5 g per person per day, considerably greater than the 5.8 g advocated by DASH [41] . Likewise, the percentage of energy derived from saturated fat was 14.5% [42] , roughly twice the desirable levels seen in Japan [43] .
Conclusion
A marked increase in HDL levels has occurred in this representative cohort of older British men, which probably reflects changes in health behaviours, particularly the decline in cigarette smoking prevalence. Favourable changes in BP and non-HDL-cholesterol level have been modest and, particularly, in the case of BP, mainly reflect changes among medication users in this survivor cohort. Further efforts are needed to reduce levels of non-HDLcholesterol and BP, through medication and populationwide changes in underlying determinants (particularly concerted changes in dietary saturated fat and salt intake).
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